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DESCRIPTION 

3 -DIMENSIONAL IMAGE DISPLAY DEVICE AND 3 -DIMENSIONAL IMAGE 

DISPLAY METHOD 

5 

Technical Field 
The present invention relates to three-dimensional image 
display devices and three - dimens ional image display methods for 
displaying a three - dimens ional image by irradiating 
10 illuminating light at an optical wave front control unit which 
records a control image . 

Background Art 
'"Holography" has been known as a three-dimensional image 
15 display technique . Holography is a technique of 

reconstructing the optical wave front of obj ect light coming 
from an object as a three-dimensional image by irradiating 
illuminating light onto a display device on which a control 
image (an interference pattern of light in which phase or 
20 amplitude is controlled) . is recorded. 

There is a known holographic method in which a "kinof orm" 
constituted by the phase distribution of an optical wave front 
for modulating the phase of irradiated light is used. This 
method supposes that in a control image recorded on a display 
25 device, the amplitude of the optical wave front is constant and 
only the phase of the optical wave front is distributed. 

In such a method, there is a known way using a "Simulated 
Annealing" method of determining the phase distribution of an 
optical wave front optimum for reconstructing a 
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three - dimens ional image . 

The "Simulated Annealing^' method is a stochastic search 
method of obtaining an optimum solution by repeating an 
operation of changing a solution to another solution (Move 
5 operation) , and searching a solution space , 

In the ^'Simulated Annealing" method, when solution 
evaluation is elevated by a Move operation (that is, a solution 
is improved) , the solution change by the Move operation is 
accepted. 

10 On the other hand, in the "Simulated Annealing" method, 

when change by a Move operation worsens solution evaluation 
(that is , a solution is worsened) , it is determined whether to 
accept the solution change by the Move operation or not (that 
is, whether to return the solution after the Move operation to 

15 the solution before the Move operation or not) , based on the 
acceptance probability P (= exp ( - Ae/T) ) which is calculated 
based on a parameter T representing ^'temperature" (hereinafter, 
temperature parameter T) and a worsened amount of A E . 

Here, by gradually decreasing the temperature parameter 

20 T from a sufficiently high temperature after the start of 
experiment to a sufficiently low temperature, and controlling 
the above -described acceptance probability P, computation of 
local optimum solutions can be prevented. 

In the above method, a comparison is made between an image 

25 to be reconstructed given as an input (hereinafter, input image ) 
and a reconstructed image obtained by Fourier transforming the 
phase distribution of an optical wave front on a kinof orm, to 
evaluate solutions before and after a Move operation . 

Since the calculation amount in the solution evaluation 
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process is vast, a technique has been proposed in which solution 
evaluation is performed based on difference information about 
reconstructed images before and after a Move operation to 
shorten time for searching for an optimum solution in the 
5 ''Simulated Annealing" method. 

As described above, in the conventional 
three-dimensional image display technique, solution 
evaluation was performed based on difference information about 
reconstructed images before and after a Move operation to 
10 shorten time for searching for an optimum solution in the 
''Simulated Annealing" method. 

However, the c onve n t i ona 1 three - dimens ional image 
display technology has had the problem that since a control 
image obtained by Fourier transforming an input image is used 
15 as an initial solution in the "Simulated Annealing" method, when 
the fast Fourier transformation algorithm is used, a 
calculation amount of "O (NlogN) " where "N = (Nx x Ny) " is the 
size of the input image (kinoform) ^e-z^'i^^cd for eval"j,a-ci."~.g 
the initial solution, making it impossible to shorten much time 
20 for searching for an optimum solution. 

The calculation amount of "O (NlogN) " means the complexity 
of the calculation is the order of NlogN. 

Also, the c onven t i ona 1 t hr e e-dimensi ona 1 image display 
technique has had the problem that even though change of one 
25 point on a kinoform does not necessarily have an effect on every 
point of a reconstructed image due to the characteristics of 
a display device on which the kinoform is recorded, calculation 
is performed on the assumption that change of one point on the 
kinoform has an effect on every point of the reconstructed image , 
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and thus, while the calculation amount in a solution evaluation 
after a Move operation can be reduced from the calculation 
amount ^'O (NlogN) required for normal Fourier transformation 
to "0(N)," redundant calculation is still performed. 
5 The present invention has been made in view of the above 

problems, and has an object of providing three-dimensional 
image display devices and three - dimens ional image display 
methods which allow a reduction in redundant calculation and 
high-speed obtainment of an optimum control image to be recorded 
10 on a display device. 

Disclosure of the Invention 
A first aspect of the present invention is summarized as 
a three-dimensional image display device for displaying a 

15 three - dimens ional image by irradiating illuminating light at 
an optical wave front control unit which records a control image , 
including a control image optimizing unit configured to 
calculate three - dimens ional images corresponding to a group of 
control images based on constraints inherent to the optical 

20 wave front control unit , select a control image corresponding 
to the three - dimens ional image satisfying a predetermined 
condition from the group of control images, and record the 
selected control image on the optical wavefront control unit. 

According to this invention, a ''region of a 

25 three-dimensional image on which change of a pixel on the 
optical wavefront control unit has an effect (region to be 
calculated) " defined based on the constraints inherent to the 
optical wavefront control unit is taken into account to 
calculate a control image , so that redundant calculation can 
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be reduced. 

In the first aspect of the present invention, the control 
image optimizing unit may be configured to generate the group 
of control images by sequentially performing change processing 
5 on part of the control image, and sequentially calculate the 
three-dimensional images based on difference information about 
the control im.ages before and after the change processxng , 

In the first aspect of the present invention, the control 
image optimizing unit may be configured to calculate the 
10 three-dimensional image in a region to be calculated defined 
by the constraints . 

In the first aspect of the present invention, the control 
image may be constituted by phase distribution of an optical 
wave front , and the control image optimizing unit may be 
15 configured to calculate the region to be calculated, based on 
a range in which phase modulation is possible on a display device 
cons t i tut ing the optical wave front control unit , and accuracy 
of the phase modulation. 

In the first aspect of the present invention, the control 
20 image optimizing unit may be configured to calculate the region 
to be calculated, also taking account of amplitude modulation 
which occurs with the phase modulation. 

In the first aspect of the present invention, the control 
image may be constituted by amplit uae d::„stribut ion of an optical 
25 wave front , and the control image optimizing unit may be 
configured to calculate the region to be calculated, based on 
a range in which amplitude modulation is possible on a display 
device constituting the optical wavefront control unit, and 
accuracy of the amplitude modulation. 
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In the first aspect of the present invention, the control 
image optimizing unit may be configured to calculate the region 
to be calculated, also taking account of phase modulation which 
occurs with the amplitude modulation. 
5 A second aspect of the present invention is summarized 

as a three - dimens ional image display method for displaying a 
three - dimens ional image by irradiating i 1 luminat ing light at 
an optical wave front control unit which records a control image , 
including the steps of calculating three-dimensional images 

10 corresponding to a group of control images based on constraints 
inherent to the optical wave front control unit; selecting a 
control image corresponding to the three - dimensional image 
satisfying a predetermined condition from the group of control 
images ; and displaying the selected control image on the optical 

15 wave front control unit . 



Brief Description of Drawings 
FIG . 1 is an overall configuration diagram of a 
three-dimensional image display device according to a first 
20 embodiment of the present invention; 

FIG. 2 is a functional block diagram of a control image 
optimizing unit in the three-dimensional image display device 
according to the first embodiment of the present invention; 

FIG , 3 is a flowchart illu-c -rrat ing the operation of the 
25 control image optimizing unit in the three - dimens ional image 
display device according to the first embodiment of the present 
invention; 

FIG. 4 is a diagram for illustrating a region defined by 
a diffraction limit in an optical wavef ront control unit in the 
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three-dimensional image display device according to the first 
embodiment of the present invention; 

FIG. 5 is a diagram showing an example of phase and 
amplitude modulation characteristics when voltage is applied 
5 to a display device in the three - dimens i onal image display 
device according to the first embodiment of the present 
invention; 

FIG. 6 is a diagram for comparing calculation amounts in 
a three-dimensional image display device according to a related 
10 art and calculation amounts in the three - dimens ional image 
display device according to an embodiment of the present 

invention; 

FIG. 7 is an overall conf igura t ion diagram of a 
three-dimensional image display device according to a second 
15 embodiment of the present invention; and 

FIG. 8 is a diagram showing an example of phase and 
amplitude modulation characteristics when voltage is applied 
to a display device in the three - dimensional image disc^ay 
device according to the second embodiment of the present 
20 invention. 

Best Mode for Carrying Out the Invention 
(Configuration of Three -Dimensional Image Display Device in 
First Embodiment of the Invention) 
25 With reference to FIGS . 1 and 2, the configuration of a 

three - dimens ional image display device according to an 
embodiment of the present invention will be described. The 
three-dimensional image display device according to this 
embodiment displays a three - dimens ional image by irradiating 
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illuminating light at an optical wavef ront control unit 2 0 whicii 
records a control image. 

As shown in FIG. 1 , the three ~ dimens ional image display 
device according to this embodiment includes a control image 
5 optimizing unit 10, the optical wavef ront control unit 20, an 
i 1 luminat ing light irradiating unit 30, and a reconstructed 
image display unit 40. 

The control image optimizing unit 10 is configured to 
calculate three-dimensional images corresponding to a group of 
10 control images based on constraints inherent to the optical 
wavef ront control unit 20, select a control image corresponding 
to a three-dimensional image which satisfies a predetermined 
condition from the control image group , and record the selected 
control image on the optical wavef ront control unit 20. 
15 Here, a control image is recorded as a kinof orm 20C on 

a display device 2 OA, and is constituted by the phase 
distribution U{k, 1) of an optical wavef ront . 

The phase distribution U (k, 1) of an optical wavef ront 
on the kinof orm 20c consists of ''N (= Nx x Ny) " pixels , and each 

20 pixel takes a value within a range of 0 to 2 tt . 

Specifically, the control image optimizing unit 10 is 
configured to apply a predetermined voltage to a position 
corresponding to each pixel of the control image on the display 
device 2 OA to record the control image as the kinof orm 20c on 

25 the display device 2 OA. 

Also, the control image optimizing unit 10 is configured 
to sequentially perform change processing on part of a control 
image (part of pixels) to generate a group of control images, 
and sequentially calculate three - dimens ional images based on 
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difference information about the control images before and 
after the change processing, as will be described below. 

In the three-dimensional image display device according 
to this embodiment, the above -de scribed constraints depend on 
5 the characteristics of the display device 2 OA which constitutes 
a part of the optical wave front control unit 20 , as will be 
described below . 

As shown in FIG . 2, the control image optimizing unit 10 
includes an initial solution generating unit 10a, an evaluating 
10 unit 10b, an optimum solution storing unit 10c, a parameter 
changing unit lOd, a solution changing unit lOe, and an output 
unit lOf - The detailed functions of the units will be described 
below . 

As shown in FIG. 1 , the optical wave front control unit 
15 20 includes the display device 2 OA and a Fourier lens 2 OB. The 
display device 2 OA is configured to record a control image 
outputted from the control image optimizing unit 10 as the 
kinof orm (phase distribution of an optical wavef ront ) 2 DC. 

In the example of FIG. 1, the distance between the display 
20 device 2 OA and the Fourier lens 20B is ^'f " , and the distance 
between the Fourier lens 2 OB and the reconstructed image display 
unit 40 is also "f" , Here, ''f " is the focal length of the Fourier 
lens . 

The illuminating light irradiating unit 3 0 is configured 
25 to irradiate illuminating light onto the display device 2 OA 
which constitutes a part of the optical wavef ront control unit 
20 , according to an instruction from the control image 
optimizing unit 10. 

The reconstructed image display unit 40 is configured to 
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display a reconstructed image g(x, y) on a complex wa-vefront 
showing a three-dimensional image corresponding to the 
above "described control image. 

In the three-dimensional image display device according 
5 to this embodiment, illuminating light irradiated from the 
i 1 luminat ing light irradiating unit 30 is phase -modulated 
within a range of 0 to 2 TT by the pixels on the kinoform 20C 
recorded on the display device 2 OA, and the phase -modulated 
i 1 luminat ing light reaches the reconstructed image display unit 

10 40 through the Fourier lens 2 OB, changing its direction of 
propagat i on , whereby a three-dimensional image corresponding 
to a control image is displayed . 

Alternatively, the three - dimens ional image display 
device according to this embodiment may be configured not to 

15 include the Fourier lens 2 OB, 

(Operation of Three -Dimensional Image Display Device in First 
Embodiment of the Invention) 

With reference to FIG . 3 , the operation of the 

20 three - dimens ional image display device according to this 
embodiment will be described below. Specifically, the 
operation of the control image optimizing unit 10 in the 
three - dimens ional image display device according to this 
embodiment when generating an optimum control image to be 

25 recorded on the display device 2 OA as the kinoform 2 0C in order 
to display a three-dimensional image (reconstructed image) 
corresponding to an input image will be described . 

As shown in FIG. 3 , in step SlOOl , the initial solution 
generating unit 10a of the control image optimizing unxt: 10 
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generates an initial solution Ao of a control image (that is, 
Uo(k, 1)). Hereinafter, the reference sign of an initial 
solution ''Ao" or ''Uo (k, 1)" will be used depending on the 
situation. 

Specifically, the initial solution generating unit 10a 
assigns random values to each pixel which constitutes the 
control image. For example, when each pixel has the data 
normalized at 256 levels, the initial solution generating unit 
10a assigns a random number from 0 to 256 to each pixel , and 
multiplies the assigned random numbers by 2 71 /256 , thereby 
generating an initial solution Ao of the control image , that 
is, an initial solution Uo(k, 1) of the phase distribution of 
each pixel , 

In the initial solution Ao generation processing (step 
SlOOl) , since it is necessary to determine the value of every 
pixel, the calculation amount is ''O (N) " where ''N" is the number 

of pixels. 

Here, the initial solution Aq does not necessairily need 
to be a random value . This is because, with the initial solution 
Ao taking any value, a Move operation which changes a solution 
for the worse will be accepted almost 100% in a high- temperature 
state immediately after the start of experiment, and thus enough 
calculations by the ''Simulated Annealing" method in a 
sufficiently- high- temperature state can have the same effect 
as generating a random initial value without degrading the 
performance of a finally obtained solution. 

In step S1002 , the evaluating unit 10b of the control image 
optimizing unit 10 evaluates the initial solution Uo (k, 1) 
outputted from the initial solution generating unit 10a or a 



solution Ai outputted from the solution changing unit lOe (that 
is, Ui(k, 1)). Hereinafter, the reference sign ^'Ai'' or ^^Ui(k, 
1) " of a solution outputted from the solution changing unit lOe 
will be used depending on the situation. 
5 First, evaluation processing of an initial solution Uo (k, 

1) by the evaluating unit 10b will be described. The evaluating 
unit 10b calculates a reconstructed image go (x, y) from the 
initial solution Uo (k, 1) , based on an expression (1): 

go(x,y) =1 I Uo(k.D-exp ( i- ^(xklxi) ^ expression (1) 

k I 

10 Here, the addition interval in the expression (1) is N 

intervals with ^^k" from to ^^Nx/2-1" and with ^^1" from 

to '^Ny/2-1, " that is, represents the entire 
reconstructed image . 

However, in actuality, depending on a factor such as the 
15 characteristics of the display device 2 OA, each pixel of the 
initial solution Uo (k, 1) does not have an effect on the entire 
reconstructed image . 

Therefore, in this embodiment , the evaluating unit 10b 
is configured to consider only a region (visual region) ''A" of 
20 the reconstructed image influenced by each pixel of the initial 
solution Uo (k, 1) as an addition interval when calculating the 
reconstructed image go (x, y) . 

For example, as shown in FIG. 4 , the region (visual region) 
''A" of the reconstructed image influenced by a pixel ''a" is in 
25 the ^'d < R tan d " range where ''R" is the distance between the 
display device 2 OA and the reconstructed image display unit 4 0 
and 0 " is the angle at which the traveling direction of 
illuminating light changes in the display device 20A. In this 
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case, the evaluating unit 10b makes the region (visual region) 
''A'' of the reconstructed image an addition interval. 

That is, the control image optimizing unit 10 is 
configured to calculate a three-dimensional image (go(x, y) ) 
5 with the inside of the region (visual region) '"A" defined by 
the characteristics of the display device 2 OA as a region to 
be calculated for each pixel of the initial solution Uo (k, 1) . 

Also, the control image optimizing unit 10 may be 
configured to determine the above -described region to be 
10 calculated, based on a range in which phase modulation is 
possible on the display device 2 OA constituting a part of the 
optj-cal wavefront control unit 2 0 and the accuracy of phase 
modulation. 

For example , the range in which phase modulation is 
15 possible on the display device 2 OA and the accuracy of phase 
modulation is determined based on the characteristics , the 
resolution limit , and the like , of the display device 2 OA. 

That is, depending on the type of the display device 2 OA 
used in the three - dimens ional image display device according 
20 to this embodiment , the range in which phase modulation is 
possible is narrower than 0 to 2 K (e.g., O.lTT to 1 . 9 tt ) . 

Also, depending on the type of the display device 2 OA used 
in the three - dimens ional image display device according to this 
embodiment , the refraction angle of i 1 luminat ing light can be 
25 changed in units of 0.1^ (accuracy of phase modulation) or can 
be modulated in units of 1^. 

Here , the control image optimizing unit 10 can reduce the 
calculation amount required for obtaining an optimum control 
image , by making the region outside the visual region ''A" 
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illuminating light reaches at angles in the range in which phase 
modulation is possible, out of the region to be ca.lculated (e.g. , 
excluding the region from the above -described addition 
interval) , or determining the degree of solution change in a 
5 Move operation based on the accuracy of phase modulation. 

As shown in FIG. 5, in actuality, the amplitude of 
illuminating light is modulated not a little as the phase of 
the illuminating light is modulated by the kinoform (phase 
distribution of an optical wavefront) 2 0C recorded on the 
10 display device 2 OA. FIG. 5 is a diagram showing an example of 
the characteristics of the display device 2 OA used in the 
three-dimensional image display device according to this 
embodiment , 

For this reason, the control image optimizing unit 10 may 
15 be configured to calculate the above-described region to be 
calculated, also taking account of amplitude modulation which 
occurs with phase modulation. 

With the display device 2 OA shown in FIG» 5, when an 
applied voltage exceeds ''2V" , the amplitude of illuminating 
20 light is also modulated to be smaller as the phase of the 
illuminating light is modulated. 

Since the pixels constituting a control image have a 
uniform size in this embodiment , the size of the visual region 
"A" formed by i 1 luminat ing light of intensity above a certain 
25 level reaching the reconstructed image display unit 40 is 
determined based on the amplitude of illuminating light passing 
through each pixel . Specifically, the greater the amplitude 
of i 1 luminat ing light passing through each pixel , the larger 
the size of the visual region "A" formed by illuminating light 
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of intensity above a certain level reaching the reconstructed 
image display unit 40 . 

Accordingly, when the display device 2 OA shown in FIG. 
5 is used, the amplitude of illuminating light passing through 
5 each pixel becomes smaller when an applied voltage exceeds ^'2v" , 
so that the above - described region to be calculated can be made 
smaller . 

While the above - de s c r ibe d addition interval varies 
depending on the pixels on the kinof orm 20C, the addition 
10 interval corresponding to each pixel is constant with respect 
to the size of the kinof orm 20C (control image) , so that the 

calculation amount is ''O(l)'', Accordingly, since the number 
of the pixels of the initial solution Uo (k, 1) is ''N" , the 
calculation amount in calculation of the entire reconstructed 
15 image is ''O (N) " . 

Then, the evaluating unit 10b calculates a evaluation 
function E (Ai) using expression (2): 

E(Ai)=I I i Io(x,y)-a -I(x,y) |^ expression (2) 

X y 

Here, ''To" is the intensity distribution of an input image , 
''I" is the intensity distribution of a reconstructed image gi (x, 
y) (the square of an absolute value on a complex wave front of 
the reconstructed image) , and a " is a scaling constant 
represented by MAX (lo) /MAX (I) . 

In this case, in step S1003 , the evaluating unit 10b stores 
the initial solution Ao as an optimum solution in the optimum 
solution storing unit 10c . 

Second, evaluation processing of a solution Ui (k, 1 ) by 
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the evaluating unit 10b will be described. 

The evaluating unit 10b calculates a reconstructed image 
gi(x, y) from the solution Ui(k, 1) , based on expression (3) : 

gi(x, y) = gi»l(x. y) + {Ui(k, 1) - Ui-l(k, l)}-exp[i-2 

5 Tt (xk/Nx ^ yl/Ny) ] - • (3) 

Here, gi-l(x, y) is a reconstructed image before a Move 
operation, and Ui-l (k, 1) is a solution (the phase distribution 
of a wave front) before the Move operation. 

Calculation processing of the reconstructed image gi (x, 
10 y) is performed based on difference information about control 
images before and after the Move operation as shown in 
expression ( 3 ) , and thus the calculation amount is ''O ( 1 ) " . 

Then, the evaluating unit 10b calculates an evaluation 
function E (Ai) using expression (2 ) , and evaluates whether the 
15 solution Ui (k, 1) is improved or not , based on the calculated 
evaluation function E (Ai) . 

For example, the evaluating unit 10b calculates a 
worsened amount of Ae = E (Ai) - E (Ai~ 1 ) , and evaluates .he. 
solution Ui (k, 1) is improved when Ae < 0, and evaluates that 
20 the solution Ui (k, 1) is worsened when not Ae < 0 . 

When the evaluation is that the solution Ui (k, 1) is 
improved, in step S1003 , the evaluating unit 10b stores the 
solution Ai as an optimum solution in the optimum solution 
storing unit 10c . On the other hand, when the evaluation is 
25 that the solution Ui (k, 1) is worsened, the operation of the 
evaluating unit 10b proceeds to step S1003. 

In step S1004 , the evaluating unit 10b calculates, using 
expression (4) , an acceptance probability P showing the 
probability of accepting the Move operation by which the 
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solution Ui(k, 1) has been calculated. 
P exp (~ Ae/T) • — (4) 

Here, T represents a temperature parameter. 
In step S1005 , the evaluating unit 10b determines whether 
5 to accept the Move operation by which the solution Ui(k, 1) has 
been calculated or not , based on the calculated acceptance 
probability P . 

When deciding to accept the Move operation, in step S1003 , 
the evaluating unit 10b stores the solution Ai as an optimum 
10 solution in the optimum solution storing unit 10c . On the other 
hand, when deciding not to accept the Move operation, the 
operation of the e.v3J„ue/t.2.ng unit 10b proceeds to step S 1 0 0 6 . 

In step S1006 , the evaluating unit 10b determines whether 
the evaluation of the solution Ai is convergent or not at the 
15 current temperature . Specifically, in calculation of an 
opt imum solution based on the temperature parameter T, the 
evaluatiny unit 10b determines whether a sufficient number of 
Move operations have been performed or not . The determination 
is performed by a method similar to that in the ''Simulated 
20 Annealing" method. 

When it is determined that the evaluation of the solution 
Ai is convergent, the operation of the evaluating unit 10b 
proceeds to step S1007 , and when it is determined that the 
evaluaition of the solution Ai is not convergent , proceeds to 
25 step S1009, 

In step S1007 , the parameter changing unit lOd of the 
control image optimizing unit 10 updates the temperature 
parameter T, 

In step S10 08, the evaluating unit 10b determines whether 
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a sufficient number of Move operations have been performed or 
not , based on measurements from optimum solution calculations . 
The determinat ion is performed by a method similar to that in 
the conventional ''Simulated Annealing" method. 
5 When it is determined that a sufficient number of Move 

operations have been performed, the process proceeds to step 
SlOlO , and when it is determined that a sufficient number of 
Move operations have not been performed, proceeds to step S1009 . 

In step S1009 , the solution changing unit lOe of the 

10 control image optimizing unit 10 changes the phase of a random 
pixel of the current solution ''Ui-l(k, 1)" to a random value 
to calculate a solution ''Ui(k, 1) , " and outputs it to the 
evaluating unit 10b . 

In step SlOlO , the output unit lOf of the control image 

15 optimizing unit 10 outputs an optimum solution stored in the 
optimum solution storing unit 10c to the display device 2 OA. 

As described above , the control image optimizing unit 10 
according to this embodiment is conf i-'-j'^.r^c, zz sequentially 
perform change processing (Move operations) on part of a control 

20 image (that is, each pixel constituting a part of the control 
image ) using the ^'Simulated Annealing" method, thereby 
generating a group of control images (solutions ''Ui (k, 1 ) " ) , 
and sequentially calculate three - dimens ional images 
(reconstructed images gi (x, y) ) , based on difference 

25 information about the control images before and after the change 
processing (Move operations) . 

(Calculation Amount in Three -Dimens ional Image Display Device 
in First Embodiment of the Invention) 



with reference to FIG . 6 , a comparison will be made between 
ca.lculation amounts in the three-dimensional image display 
device according to this embodiment and calculation amounts in 
a three-dimensional image display device according to a related 
5 art . 

The calculation amount in initial solution generation 
processing (step SlOOl in FIG . 3 ) in the three - dimens ional image 
display device according to the related art was ''O (NlogN) with 
respect to the size N of the kinoform 20C (control image) , while 

10 it is reduced to ''O (N) " in the three - dimens ional image display 
device according to this embodiment. 

The calculation amount in initial solution evaluation 
processing (step S1002 in FIG. 3 ) in the three-dimensional image 
display device according to the related art was ''O (NlogN) " , 

15 while it is reduced to ''O (N) " in the there - dimens ional image 
display device according to this embodiment by limiting the 
region (visual region) ''A" of a reconstructed image influenced 
by each pixel r-i .LL-i^virT ^ " ' '::.r-:.:„L image) , ir_5^-": is, 

making the region outside the region of the reconstructed image 

20 influenced by each pixel on the kinoform 20C (control image) 
(region in which an effect from each pixel cannot be displayed) 
outside the region to be calculated. 

The calculation amount in solution evaluation processing 
after a Move operation ( step S1002 in FIG . 3 ) in the 

25 three - dimens ional image display device according to the related 
art is ''O (N) " , while it is reduced to ''O (1) that is, to a 
constant time , in the three-dimensional image display device 
according to this embodiment . 

The calculation amount in solution change processing 
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{step S1009 in FIG. 3 ) is ''O (1) , that is, a constant time, both 
in the three-dimensional image display device according to the 
related art and in the three-dimensional image display device 
according to this embodiment. 

5 

(Effects in Three -Dimensional Image Display Device in First 
Embodiment of the Invention) 

According to the three - dimens ional image display device 
in the first embodiment of the present invention, the ''region 

10 (region to be calculated) of a three - dimensional image (gi (x, 
y) ) on which change of a pixel recorded on the display device 
2 OA in the optical wave front control unit 20 has an effect" 
defined based on constraints inherent to the optical wave front 
control unit 20 (such as the characteristics and the resolution 

15 limit of the display device 2 OA) is taken into account to 
calculate a control image (Ui (k, 1)), so that redundant 
calculation can be reduced. 

Also, according to the three - dimens ional image display 
device in the first embodiment of the present invention, the 

20 fact that the amplitude of illuminating light is modulated as 
the phase of the illuminating light is modulated in the display 
device 2 OA is taken into account to calculate a control image 
(Ui (k, 1) ) , so that redundant calculation can be further 
reduced. 

25 

( Three - D imens i ona 1 Image Display Device in Second Embodiment 
of the Invention) 

As shown in FIG . 7 , a three ~ dimens ional image display 
device according to a second embodiment of the present invention 
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is configured to use an amplitude hologram 20D instead of the 
kinof orm (phase hologram) 20C used in the three-dimensional 
image display device according to the above -de scribed first 
embodiment . 

A control image recorded on a display device 2 OA in this 
embodiment is constituted by the amplitude distribution U (k, 
1) of an optical wave front . 

In the example of FIG. 7 , an optical wave front control 
unit 20 is configured not to include a Fourier lens 2 OB, but 
may be configured to include a Fourier lens 2 OB as in the 
three-dimensional image display device according to the first 
embodiment . 

In this embodiment , a control image optimizing unit 10 
is configured to calculate the above -described region to be 
calculated (region in which a three - dimens ional image is 
calculated) , based on a range in which amplitude modulation is 
possible in the display device 2 OA constituting the optical 
wave front control unit 2 0 and cixxe accuracy of amplitude 
modulation . 

For example, the range in which amplitude modulation is 
possible in the display device 2 OA and the accuracy of amplitude 
modulation is determined based on the characteristics , the 
resolution limit , and the like , of the display device 20A. 

In amplitude modulation, the size of a visual region ''A" 
formed by illuminating light of intensity above a certain level 
reaching a reconstructed image display unit 40 is determined 
based on the size of pixels cons t i tut ing a control image and 
the amplitude of i 1 luminat ing light passing through the pixels . 
r..o-^ef ore , a range in which concentration of i 1 luminat ing light 



can be controlled can be estimated, based on the size of the 
pixels (pixel width) . 

Specifically, depending on the type of the display device 
2 OA used in the three-dimensional image display device 
5 according to this embodiment , the amplitude amount "'0" of 
transmitted illuminating light cannot be attained, and the 
amplitude amount ''0" of transmitted i 1 luminat ing light may be 
excluded from a range in which amplitude modulation is possible 
(see FIG. 8) . 

10 Also, depending on the type of the display device 2 OA used 

in the three-dimensional image display device according to this 
embodiment , amplitude cannot be linearly controlled in 
proportion to applied voltage , and a range in which such linear 
control is impossible (a range in which an applied voltage is 

15 lower than or equal to 2V in the example of FIG. 8) may be excluded 
from a range in which amplitude modulation is possible . 

Also, depending on the type of the display device 2 OA used 
in the three™ : . ^:^1 image display device according to i:riis 

embodiment , the amplitude transmittance of illuminating light 

20 passing through the pixels can be changed in units of 0,1 
(accuracy of amplitude modulation) , or can be modulated in units 
of 0.01 (accuracy of amplitude modulation) . 

Also, depending on the performance of the control image 
optimizing unit 10 used in the three-dimensional image display 

25 device according to this embodiment , a voltage applicable to 
each pixel can be changed in units of 0 . 1 V (accuracy of amplitude 
modulation) , or can be modulated in units of IV. 

Here, the control image optimizing unit 10 can calculate 
control images , excluding amplitude values outside the range 



in which amplitude modulation is possible from solutions , or 
determine the degree of solution change in Move operations, 
based on the accuracy of amplitude modulation, thereby reducing 
the calculation amount required for obtaining an optimum 
5 control image . 

In actuality, as shown in FIG. 8 , the phase of illuminating 
light is modulated not a little as the amplitude of the 
illuminating light is modulated by the amplitude hologram 
(amplitude distribution of an optical wavef ront ) 20D recorded 
10 on the display device 2 OA. FIG. 8 is a diagram showing an 
example of the characteristics of the display device 2 OA used 
in the three - dimens ional image display device according to this 
embodiment . 

For this reason, the control image optimizing unit 10 may 
15 be configured to calculate the above -described region to be 
calculated, also taking account of the phase modulation which 
occurs with the amplitude modulation . 

For example , when the display device 2 OA shown in FIG. 
8 is used, and the refraction angle of i 1 lumina t ing light 
20 passing through each pixel is changed in proportion to applied 
voltage, making the visual region '^A" smaller, the 
above -described region to be calculated can be made smaller. 

While the present invention has been described in detail 
with the embodiments above , it is obvious to those skilled in 
25 the art that the present invention is not limited to the 
embodiments described in this application. The devices in the 
present invention can be implemented as altered and modified 
forms without departing from the spirit and scope of the present 
invention as defined by the description of the c^^.:^..^^ . The 
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description in this application is thus for illustrative 

purposes, and is not meant to limit the present invention. 

Industrial Applicability 
5 As described above, according to the present invention, 

three-dimensional image display devices and three - dimens ional 
image display methods can be provided which allow a reduction 
in redundant calculation and high-speed obtainment of an 
optimum control image ( ''kinof orm (phase distribution of an 
10 optical wave front) " or ''amplitude hologram (amplitude 
distribution of an optical wavef ront ) " ) to be recorded on an 
optical wavef ront control unit (display device) . 



